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Hypothetical axion: a light particle, cold and
dense enough to contribute to dark matter

mechanism to resolve strong-CP problem (Peccei and Quinn)

associated particle (axion) is dark matter candidate

axion mass:
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axion couples to EM field — creates microwave photons
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Scan narrowband cavity to search for resonant
axion to photon conversion (Sikivie 1983)

looking at an excess of photons in a microwave cavity

axion signal: 0x71 6
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Detection of axions, quantum perspective

axion-photon conversion: 0 * p 1t p 1 photons

detection:
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counting photons: measuring a field:
qubit microwave amplifier




Using a Josephson parametric amplifier

phase insensitive, quantum limited:

cavity vacuum fluctuations:

s Y2 photon
noise 1 photon

" amplifier added noise:

Y5 photon

SNR>1 — p 1 p 1 independent measurements

phase sensitive, squeezing:

accelerate axion scan rate jﬂ]ﬁi
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Josephson parametric amplifiers for axion
detection

A Current JPA mode of operation



Reaching the quantum limit with a JPA

output noise limited by JPA:
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Overview of the experiment and Its integration

3He/*He Dilution
Refrigerator 9.4 Tesla, 10 Liter Magnet




Axion search rate limited by fundamental sources
of noise

amplifier measures cavity quadratures wand®

0 9 (66 pic) 9 —— [0 0 sied -

vacuum state axion displaced state
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Linear, phase-insensitive amplifiers must add
noise

N out .

JPA

phase space volume not conserved — added noise
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First near-quantum limited haloscope data
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Josephson parametric amplifiers for axion
detection

A Squeezing to enhance the axion scan rate



Phase sensitive amplifier prepares a squeezed
state

vacuum state ref Sq ueezed state
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phase space volume conserved — no added noise
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m) use JPA to prepare cavity in squeezed state m



Modeling the sighal and noise
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Benefit of squeezing

without squeezing: with squeezing:
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Sqgueezing with a JPA
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Zero detuning, critically coupled 3 T |l |
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Large detuning, overcoupled |, |
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Benefit of squeezing, revisited
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Josephson parametric amplifiers for axion
detection

A Loss limitations



Losses between squeezer and amplifier

Noise ‘

squeezing

degraded
squeezing

squeezer beamsplitter
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Effect of losses on the scan rate

20% loss 50% loss -

S Uy 15 5

- i

2 19 B §

O < @) ' 1.0 ©

: < = 10 / u <

- -

) )]

Q 5 M )

S 0 5 10 15 20i s

I A ® Il 0 o
20% loss: 'O x| il scan rate x3.5
50% loss: 'O ., | oll scan rate x1.5

JIA



